Since amateur fishing in fishponds has been on the increase in Brazil, there is a great concern on the microbiological quality of fish. One hundred and thirty-eight samples were collected during the dry and rainy periods in ten fish farms. Aeromonas spp. counts and tests for sensitiveness to antimicrobials were performed, coupled to the physical and chemical analyses of water. Tests revealed that 70% of samples were contaminated by Aeromonas spp., with water averaging 2.92 Log CFU/100 mL during the rainy period and 3.16 Log CFU/100 mL during the dry one. Fish contaminated by Aeromonas spp. averaged 2.58 Log CFU/100 mL during the rainy period and 3.53 Log CFU/100 mL during the dry one. Aeromonas spp. samples were multi-resistant to 2 or 8 antimicrobials in 62.5% of the samples. Ampicillin was the antimicrobial with the highest resistance percentage rate. Results showed that fish bred in amateur fish farms constituted a health risk for the population.
Introduction
Fish farming is currently one of the most relevant food sources, with high growth rates. Fish production has increased significantly in Brazil and worldwide. The wave of amateur and recreational fishing on fish farms is definitely on the increase, with the Nile tilapia featuring the most farmed fresh water fish [1] and exchange resistance genes with antimicrobials. In fact, there is a strong relationship between aquaculture, Aeromonas spp. diversity and resistance to antimicrobials. Robust link clues exist between prophylactic and systemic use of antimicrobials in aquaculture and the spread of resistance against antimicrobials [4] .
The genus Aeromonas has pathogenic strains for aquatic animals. They have been pinpointed in the literature as the main etiological agents, causing infection in fish and jeopardizing other aquatic animals, with great economic loss for Brazilian fish farms. Several bacteria of the genus have been identified as pathogenic to public health. Epidemiological data have shown that food consumption, contact with and intake of contaminated water are the main transmission means of the pathogen and are described as the main etiological agents in human gastroenteritis [5] [6] . However, ANVISA's RDC 12/2001 does not establish any limits for the microorganism in food [7] Aeromonas spp. has been described as an opportunist pathogen worldwide, especially in developing countries, associated with traveller's diarrhea. Although these pathogens mainly inhabit aquatic environments, they may be found in animals, and have been related to several human and animal infections [8] . Reports on human contamination by several species, particularly Aeromonas hydrophila, A. caviae and A. veronii biovar sobria, are extant worldwide. The former is associated to watery diarrhea and dysentery [9] . New infection cases have been reported in 2010, caused by wounds and by gastroenteritis, associated to two new species, A. sanarellii and A. taiwanensis [10] .
It has been proved that bacteria of the genus Aeromonas are pathogenic microorganisms which harm humans and animals. Their importance to public health is due to their high virulence and resistance to antimicrobials, observed in an increasing number of cases, in Brazil and worldwide, underscoring the occurrence of cases of gastroenteritis caused by the microorganisms, vectored by contaminated food and water. 
Materials and Methods
The amateur sporting fish ponds selected for current research lie in the towns of Two fish samples, collected weekly, were retrieved from up to three ponds, totaling 90 fish samples. Fish were caught by fishing lines or nets used on the fish farms. They were slaughtered by thermal shock (thermonarcosis) [11] and samples were conditioned in refrigerated thermal boxes and transported to the laboratory.
The fish were eviscerated and 25 g of each sample were weighed, to which were added 225 mL of peptone water 0.1% for the first dilution. Serial dilutions were performed until dilution 10 −6 [9] . The fish were prepared for processing following methodologies by Silva et al. [12] and Apha [13] . All procedures were undertaken for each sample retrieved from different fish farms.
Aeromonas Isolation Agar (Base), supplemented by Aeromonas Selective Supplement, was employed to analyze Aeromonas spp. Since the medium contains ampicillin, the former becomes selective. Ampicillin is employed for the selective and differential isolation of Aeromonas hydrophila from clinical and environmental samples. In fact, it is the medium employed for fast and simultaneous identification of the species Aeromonas, Plesiomonas, Proteus and Enterobacteriaceae, or rather, it is employed as an overall medium to investigate enteric diseases.
The pour plate method was employed to count the microorganisms Aeromonas spp. [9] [12] . Serial dilution, up to dilution 10 4 , was performed after the preparation of the sample. The incubation process occurred posterior to serial dilution. Plating was done in triplicate. Plates were inverted for incubation and colonies with a dark green color, opaque, featuring dark hubs, were positive for Aeromonas ssp. Aeromonas spp. isolates were counted with a colony counter (Phoenix counter CE 550A) from plates with 25 -250 colonies [9] Log CFU/100 mL during the rainy season and 3.53 Log CFU/100 mL during the dry season (Table 1 and Figure 1 (a)). Further, pH rates ranged between 5.00 and 7.11, mean 6.07 during the rainy season and 6.04 during the dry season. Consequently, 87% (42/48) of samples complied with standards. Color also complied with current legislation, whilst DO reached 87.5% (43/48) of samples in the two periods and failed to comply with legislation. In current analysis, BOD reached 93.8% (45/48) of samples, or rather, it failed to comply with limits (up to 5 mg/L O 2 ) established by CONAMA [16] .
Results
ANOVA statistical assessment showed a possible significant variation among (Table 2 and Table 3 ; Figure 3 and Figure 4 ). researchers when they were collecting the samples. Contamination also occurs due to cesspits and sewerage issues from small inns on the farms and other similar types of human activity lacking a sewage system. Data have been corroborated by other researches which also described contamination of fish ponds by Aeromonas spp. [9] [19] [20] .
Discussion
Water contamination is particularly high during the rainy season and alters the physical and chemical characteristics of water and the microbiological quality of fish. Increase in rain water and a greater load of dirt in the water are the causes of high pathogen rates. Natural factors, such as rock dissolution, photosynthesis and household sewerage affect pH. Increase in rain volume causes a rise in pH through the dilution of dissolved compounds [21] . There has been an increase in the number of contamination cases in animal-derived food by Aeromonas spp. in fresh or sea water. According to Resolution by CONAMA 375/05 [16] on the quality of fresh water for fish farming and fishing activities (class 2), thermotolerant coliforms should not exceed 1000 (3 log) in 80% or more in at least 6 samples collected during the year [16] . Although official parameters for Aeromonas spp. are lacking, coliform rates in the water of the fish farms analyzed are a real public health issue [22] . Health legislation in several countries determines limits in the quantity of Aeromonas spp. in drinking and mineral water. Bacteria have been frequently detected in public supply water and even in bottled mineral water [22] [23] [24] .
Ribeiro et al. [25] state that limits for Aeromonas spp. in mineral water at the source and in bottled water were provisionally determined in Italy, in 1997, or rather, 10 UFC/100 mL and 100 UFC/100 mL respectively.
According to ANVISA'S RDC n. 12, published on the 2nd January 2001, the microbiological standards for "in natura" and thawed fish are: positive staphylococci coagulase/g. from 10 3 NMP/100 ml −1 (maximum 3 Log CFU/g) and Salmonella spp. (absence in 25 g) [7] . Although Brazilian legislation fails to give standards, high Aeromonas spp. levels indicate deficient hygiene and sanitary conditions, coupled to pathogenic bacteria with harmful species, such as Aeromonas hydrophila, A. caviae, A. veronii biovar sobria and A. hydrophila, associated with aqueous diarrhea and dysentery [9] .
Data from the Ministry of Health have shown that animal-derived food, such as fish, triggers outbreaks of Food and Water Borne Diseases (FWBD). Water is the natural habitat of these bacteria and an important source of food contamination. Aeromonas spp. in food is a predominant feature in fish consumption, even though it has been studied in swine, chickens and humans. It may occur in the excrement of infected animals and sick people who handle food [24] [26]
[27]. Neyts et al. [28] detected Aeromonas spp. in 72% of fish and shrimps. Data corroborate those in current analysis.
The above data demonstrate that the microbiological composition of fish farming water is associated with several bacteria found in fish, actually corroborate studies by Lorenzon et al. [19] , Santos et al. [29] , Osman & El-khateeb [30] , Stratev & Odeyemi [31] , Pinheiro et al. [32] and Huicab-Pech et al. [33] .
It has also been perceived that the fish farms analyzed either lacked proper water management or there was no management at all, with the consequent water and fish contamination. Lack of water management may cause disease and even death in fish. Due to faulty knowledge and inadequate man power, producers employ antimicrobials indiscriminately, causing the proliferation of resistant or multi-resistant bacteria to antimicrobials [19] . According to Souza [34] , there is very scanty information on fish farming management and its consequences on water quality and on the health of fish in fish farms.
Aeromonas spp. is usually isolated from patients suffering from traveller's diarrhea. Hofe et al. [35] detected the pathogen as the cause of traveller's diarrhea in 18 (2%) out of 863 patients. A study on the outbreak of diarrhea in the town of São Bento do Una PE Brazil, in 2004, revealed that 114 (19.5%) out of the 2170 registered cases were caused by Aeromonas spp. [36] .
There was a high positive correlation for DO and pH and for pH and BOD, which have a direct relationship with the maintenance of water life, in the case of aerobic respiration processes (as in DO) and in the maintenance of an environment that favors important chemical reactions for life (as in pH). There was also an expected positive correlation between color and turbidity, since increase in water turbidity is caused by suspended matter, such as clay, silt, organic and inorganic matter, soluble organic compounds. Increase in turbidity increases apparent color [37] .
The co-relationship between pH and BOD revealed negative correlation at p ≤ 0.01, where a pH increase is a decrease of BOD in water, perhaps caused by water acidification through a fermentation process produced by bacterial growth and evidenced in current study [38] data were also reported by other authors [40] .
Positive correlations at significance level p ≤ 0.01 between Aeromonas spp. in fish and BOD revealed that the latter increases when Aeromonas spp. increases.
BOD results in current assay indicate contamination in fish pond water and explain the high levels of these microorganisms in water and fish. In fact, BOD indicates organic matter in water and is defined as the concentration of dissolved oxygen required to stabilize levels of organic matter in water [41] .
Baron et al. [42] Hirsch et al. [45] underscored that 43% of analyzed isolates had multiple resistance to antimicrobials (MRAM) for two or more out of the nine drugs under analysis. Data indicate imminent risk due to isolation of samples which are potentially pathogenic to humans and to the isolates' multi-resistant profile.
Aeromonas strains are known for their increasing capacity to acquire and exchange resistant genes to antimicrobials. There is a strong co-relationship be- A, B and C, registered in current study and in others by Silva et al. [9] , Peixoto et al. [27] , Baron et al. [42] , Hirsch et al. [45] and Nagar et al. [4] .
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Ahmed et al. [46] insist that Aeromonas spp. are known to be intrinsically sensitive to all antimicrobials against non-fastidious gram-negative bacilli, except for several β-lactam antibiotics, due to the production of induced multiple chromosomically-codified β-lactamases.
Current assay demonstrates that all strains were resistant to amoxicillin, carbenicillin and ampicillin. Data complied with results in current study since the antimicrobials tested, such as ampicillin, amoxicillin/clavulanic acid, cefalotin, cefoxitin, cefuroxime and sulfamethoxazole + trimethoprim, showed the highest resistance percentage. Further, ceftazidime, ciprofloxacin, meropenem, amikacin, gentamicin, cefepime and imipenem were the strongest among all the tested antimicrobials. All isolates were sensitive to ceftazidime. The above data were corroborated by results of several antimicrobials tested by Silva et al. [9] and Carneiro et al. [47] . According to Silva et al. [9] and Silva et al. [44] resistance to ampicillin is expected in all species of Aeromonas ssp., since it is employed as a selective factor in culture media. The resistance of Aeromonas ssp. bacteria is due to the fact that they are the natural producers of β-lactamase or induce the enzyme's activity. Bacteria had the lowest percentage rates of resistance to ceftazidime, ciprofloxacin and meropenem. These active principles should be selected to control the pathology in the case of disease caused by Aeromonas spp. in the fish farms evaluated.
Consequently, the presence of Aeromonas spp. in food, especially animal-derived food, should be thoroughly investigated to lessen the number of diseases caused by infections related to the genus. Owners of fish farms should also be made aware of the dangers caused by the indiscriminate use of antimicrobials. They should be convinced on the preservation of the environment and the proper management of fish ponds. Lack of information and of qualified manpower contributes towards hygiene and sanitary conditions of fish. In fact, they are factors directly related to the increase of resistant bacteria.
Indexes are a powerful tool in decision taking. However, technological efficiency of alternative water uses and aspects related to environmental impacts (positive or negative), social developments and economic factors should be taken into account. When the possibilities in the application of the described sustainability indexes are discovered, new possibilities of intervention will be perceived.
They actually foreground the formulation of new strategies for efficient water management.
Research and studies on sustainability indexes systems have been prepared and implemented for the management of water resources. The investigation of case studies and the analysis of index systems employed are a great help to improve management tools.
A set of universal and unanimously accepted indexes does not exist since indexes describe a process of control linked to specificities and to local conditions. Indexes should be defined or adapted to each local situation, taking into account DOI: 10.4236/fns.2019.101007
